
































































































































hypothesis that signature gamma rays of 144Ce and its daughter 144pr 
can be used to estimate the quantities of U in bulk sediment and debris 
samples. 

Best estimates of the total quantities of fission products, fuel, and 
core materials in the water and sediment in the Reactor Building basement 
are summarized in Table 21. The quantities given for the sediment were 
�c�a�l�c�~�l�a�t�e�d� by multiplying the average concentrations in Table 20 �~�y� 

3.8 x 105 g, the estimated total mass of the sediment in the basement. 
The average quantities in solution are presented separately for 1979 and 
1981. The uncertainties in the quantities presented for the sediment and 
water are, in each case, simply the standard deviation of the set of 
measured concentration values. The uncertainties presented in Table 21 do 
not include the uncertainties in the mass of sediment and volume of water 
in the basemelt, nor do they include the uncertainties in the fission 
product inventories of the core that were used to calculate the release 
fractions. The best estimates of the total quantities in the basement are 
subjective summations of the quantities in the sediment and in solution. 
The results, expressed as percent of core inventory, indicate that 57% of 
the 3H, 41% uf the 137Cs, 20% of the 1311, 14% of the 1291, and 
1.7% of the 90Sr were dispersed in the water and sediment in the Reactor 
Building basement. The uncertainty in the quantity Qf 1291 in the 
basement is �~�t� a minimum ±9% of the core inventory. This 1arge 
uncertainty is due primarily to the fact that the �c�o�r�.�~�e�n�t�r�a�t�i�o�n� of 1291 

in the samples of sediment varied over n wide range of values. 

Similar results for the RCDT are summarized in Table 22. The 
quantit;es of 106Ru , 144Ce, U, Ni, Zr, Cd, Sn, and Gd in the RCDT are 

significant when compared with the quantities of tbese nuclides and 
elements measured in the basement water and sediment. For example, the 
quantity of 144Ce in the RCDT is approximately equal to the total amount 
of this nuclide in the water and sediment in the basement. The quantities 
of 3H, 90Sr, 134Cs, and 137Cs in the coolant in the ReS during the 
time period when the basement was sampled are presented in Table 23. When 
the basement water was first sampled on August 28, 1979, the quantities of 
these nuclides in the ReS coolant, expressed as percent of core inventory, 
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TABLE 21. BEST F)TIMATES OF TOTAL QUANTITIES OF FISSION PRODUCTS, FUEL, AND CORE MATERIALS IN THE WATER AN~ 
SEDIMeNT IN THE REACTOR BUILDING BASEMENT 

Percent of Core Inventory 

Water a 
Isotope/ Sedimenta "Best Estimate" 
Element (1979 to 1983) (1979} ( 1981) Total 

3H 5.7 ± 0.2 E+1 4.30 ± 0.07 E+1 5.7 ± 0.2 E+1 
90S r 6.1±7.2E-2 6.6±0.7 E-1 1 • 62 ± O. 07 E +0 1.7 ± 0.1 E+O 

106Ru 3.3 ± 2.6 E-3 4.3 ± 1.8 E-4 4 ± 3 E-3 
125Sb 1.2 ± 1.4 E-1 7.9 ± 2.8 E-2 2.1 ± 0.6 E-1 3 ± 2 E-1 
129r 7.6 i 8.7 E+O 1.38 ± 0.04 E+1 5.9 ± 0.9 E+O 1.4±0.9E+1 
131 I 1.6 ± 0.4 E+O 1 .86 ± 0.09 E + 1 2.0 ± 0.1 E+1 
134Cs 4.6±5.7E-2 3.96 ± 0.32 E+1 4.16 ± 0.16 E+1 4.2 ± 0.2 E+1 
137Cs 4.2 ± 4.9 E-2 4.01 ± 0.13 E+1 4 • 08 ± O. 1 2 E + 1 4.1 ± 0.1 E+l 
1 Ll.Ll." _ 9.i±5.7E-4 4.5 ± 4.5 E-5 <3.3 E-3 1.0±0.6E-3 ' , 'l,e 

U 8.0 ± 6.1 E-4 3.8 ± 2.6 E-5 <8.7 E-5 8 ± 6 E-4 
Pu 6.1 ± 5.3 E-4 1.8 ± 1.3 E-5 3.2 ± 1.0 E-4 6 ± 5 E-4 

Cr 3.5 ± 3.8 E-l 2.4 ~ 0.0 E-l 1 • 1 -I: 0.3 E-l 5 ± 4 E-l 
Fe 1.1 ± 1.0 E+O 1,6 ± 0.8 E-l 1.4 ± 0.2 E-l 1 ± 1 E+O 
Ni 7.6 ± 6.1 E-l <2.5 E-l 3.4 E-1 8 ± 6 E-l 
Zr 3.6 ± 1.5 E-4 1.5 E-2 4 ± 2 E-4 
Ag 1.9 ± 2.1 E-1 <2.7 E-2 <1.1 E-l 2 ± 2 E-1 
Cd 2.9 ± 2.7 E-l <2.9 E-2 <3.5 E+O 3 ± 3 E-1 
In 8.7 ± 13 E-l <4.7 E-2 <2.9 E+O 9 ± 13 E-l 
Sn 7.2 ± 6.5 E-2 <3.6 E+O 7 ± 6 ~-2 
Gd <1.1 E-l <7.0 E+1 <1 E-l 

a. Uncertainty is given at the one-sigma 1evel and is the standard deviation of the set of concentration 
val·;~s. 



TABLE 22. PERCENT OF CORE INVENTORY IN THE REACTOR COOLANT DRAIN TANK 

Isotope/ 
Element So l'i ds Water Total 

3H __ a 
3.3 E-2 3.3 E-2 

90S r 5.3 E-2 1. 0 E-2 6.3 E-2 
W6Ru 1 .6 E-3 <5.8 E-4 1. 6 E-3 
125Sb 2.6 E-3 1.0E-1 3.6 E-3 
129r 6.9 E-7 5.5 E-3 5.5 E-3 
134Cs 3.8 E-4 4.8 E-3 5.2 E-3 
137Cs 3.4 E-4 4.4 E-3 4.7 E-3 
144Ce 9.5 E-4 <1.2 E-4 9.5 E-4 

U 1 .2 E-4 <4.4 E-6 1.2 E-4 
Pu __ a __ a __ a 

Cr 1.2 E-2 
__ a 

1.2 E-2 
Fe 2.1 E-1 

__ a 
2. 1 E - 1 

Ni 3.8 E-l 
__ a 

3.8 E-1 
Zr 2.2 E-4 

__ a 
2.2 E-(l· 

Ag 7.4 E-3 
__ a 

7.4 E-3 
Cd 2.3 E-1 

__ a 
2.3E-1 

In 4.0 E-2 
__ a 

4.0 E-2 
Sn 3.9 E-2 

__ a 
3.9 E-2 

Gd 1. 5 E- 1 
__ a 

1.5 E-1 

a. Concentration not mp.asured. 

TABLE 23. PERCENT OF CORE INVENTORY IN REACTOR COOLANT SYSTEM COOLANT 

Sampling 3H 90SI' 
134Cs 137 Cs Date 

( m/d/y) 1& J!L (%) (%) 

8/29/79 2.37 0.75 2.69 2.90 
11/15/79 1. 94 1.05 2. 12 2.36 
5/1l/81 0.61 1.04 0.89 0.91 
9/21/81 0.41 0.87 0.65 O. TI 
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were 2.37, 0.75, 2.69, and 2.90%, respectively. Subsequent injections of 
processed water into the RCS, combined with the removal of existing 
coolant, reduced the concentrations of 3H and radiocesium. The 
dissolution of 9CSr from dctivity-bearing particulates in the RCS 

increased the concentration of 90Sr in the coolant. By November 15, 

1979, about 1% of the core inventory of 90Sr WrS dispersed in the RCS 
r:oo 1 ant. 

Surface Samples 

Reactor Building Air Coolers 

The Reactor Building air cooler access panels arrived at the INEL in 

August 1983. Coupons were cut from the corners of each panel for surface 

analysis. A total of 20 coupons were removed from the panels. Each coupon 
had a total surface area of 9.90 cm2 per side. Photographs were taken 
during coupon cutting and removal for determination of sample loss during 
the cutting procEss. The access panel coupons were gamma scanned in a 
reproducible geometry. Then the internal surface was removed, and the 
coupons were rescanned. Appropriate corrections were loade to account for 
gamma-ray attenuation within the coupons. The internal surface material 
was then analyzed to determine 90Sr and 129 1 surface concentrations 

after ~eparation by a bicarbonate fusion process. Elemental analysis by 

direct current emission spectroscopy was performed on a portion of the 
particulate surface material removed from the coupon internal surface. 
Smear samples and particulate s(rape samples retrieved from the access 
panels and the intake louvers were analyzed onsite by PNL and GPU Nuclear 
personr.el. 

Results of the surface activity measurements performed at the INEL are 
presented in Tables 24 and 25. Table 24 presents the su~face activities 
determined for each individual coupon removed from the access panel 
r.orr.ers, and Table 25 presents the average surface activity value~ for each 

air ~ooler access panel. Surface a.ctivity values for 137Cs an access 

panel exterior surfaces range froln 0.36 lJCi/cm2 on coupon C from access 
pane 1 11 B to 1.7 lJ Ci /cm2 on coupon C from access panel 11 E. Surf ace 
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TABLE 24. REACTOR BUILDING AIR COOLER ACCESS PANEL RADIONUCLIDE SURFACE CONCENTRATIGNS 
(Data Decay-corrected to March 1, lSd4) 

llA-A 
-8 
-C 
-0 

11B-A 
-8 
-c 
-0 

11 C-A 
-B 
-I... 

-D 

llD-A 
-B 
-C 
-D 

llE-A 
-8 
-C 
-D 

a. TtJe 1 

Exterior Surface 

1 37Cs 
(~Ci/c~ 

5.5 ± 0.3 E-1 
4.8 ± 0.3 E-1 
5.8 ± 0.4 E-1 
4.8 ± 0.3 E-1 

3.7 ± 0.1 E-1 
4.0 ± 0.2 E-1 
3.6 ± 0.2 E-1 
3.9 ± 0.2 E-1 

1.6 ± 0.2 E +0 
9.0 ± 0.7 E-1 
1.5 ± 0.2 E+O 
6.9 ± 0.7 E-6 
8.9 ± 0.7 E-1 

3.9 ± 0.2 E-1 
3.9 ± 0.2 E-1 
5.9 ± 0.4 E-1 
5.4 ± 0.3 E-1 

1.4 ± 0.2 E+O 
8.7 ± 0.7 E-I 
1.7 ± 0.2 E +0 
1.1 ± o. 1 E +0 

134cs 
(~Ci /cm2

) 

3.1 ± o. 1 E-2 
2.6 ± 0.1 E-2 
3.2 ± o. 1 E-2 
2.7±0.lE-2 

2. 1 ± O. 1 E-2 
2.2 ±0.1 E-2 
2.0 ± 0.1 [-2 
2.2 ± 0.1 E-2 

8.6 ± 0.4 E-2 
4.9 i 0.2 E-2 
8.0 ± 0.3 E-2 

4.9 ± 0.2 E-2 

2.1 ± 0.1 E-2 
2.2 ± 0.1 E-2 
3.2 ± 0.2 E-2 
2.9 ± O. 1 E-2 

7.9 ± 0.3 E-2 
4.8 ± 0.2 £-2 
9.4 ± 0.4 E-2 
5.7 ± 0.2 E-2 

137Cs 
(!!.C i / cm2

) 

6.0 ± 0.4 E-1 
4.6 ± 0.4 E-1 
4.7 ± 0.4 E-l 
1.9 ± 0.3 E-1 

9.2 ± 1.6 E-2 
8.9 ± 2.2 E-2 
1.5 ± 0.2 E-l 
1.2 ± 0.2 E-1 

9.4 ± 1.0 E-1 
8.4 ± 0.7 E-l 
4.1 ± 6.8 E-2b 

7.6 ± 0.7 E-l 

3.3 ± 0.3 E-1 
2.7 ± 0.2 E-l 
4.1 ± 0.4 E-j 
2.1 ± 0.3 E-l 

2.0 ± 0.1 E+O 
2.2 ± O. 1 E+O 
1.4 ± O. 1 E+O 
2.8 ± 0.2 E+O 

sigma errors quoted are due to counting errors only. 

Interior Surface 

134c s2 
(IJCi/cm ) 

3.4 ± 0.3 E-2 
2.7 ± 0.2 E-2 
2.0 ± 0.2 E-2 
1. 1 ± O. 1 E-2 

5.4 ± 1.1 E-3 
6.0 ± 1. 1 E-3 
8.4 ± 1. 1 E-3 
6.8 ± 1. 1 E-3 

5.0 ± 0.5 E-2 
4.8 ± 0.4 E-2 

4.3 ± 0.4 E-2 

1.9±0.lE-2 
1. 5 ± G. 1 E-2 
2.3 ± 0.2 E-2 
1.2 ± 0.2 E-2 

1.2 ± 0.1 E-1 
1.3 ± 0.1 E-l 
8.2 ± 0.1 E-2 
1.5 ± 0.1 E-:-l 

90S r 
(~Ci/cm2) 

1.5 ± 0.8 E-2 

6.4 ± 0.2 E-3 

4.9 ± 0.4 E-3b 

7.6 ± 0.4 E-3 

4.3 ± 0.2 E-2 

1291 
(JlCi/cm2

) 

5.2 ±0.5E-6 

2.7 ±. 0.3 E-6 

7.5 ± 0.8 E-6 

b. Data not used for calculating the average concentration due to scraping of the sample surface during the 
coupon cutting operation. 
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TABLE 25. REACTOR BUILDING AIR COOLER ACCESS PANEL AVERAGE RADIONUCLIDE SURFACE CONCENTRATIONS IN 
~Ci/cm2a 

Exteri or Surface Interior Surface 

137Cs 134Cs 137Cs 134Cs 90Sr 1291 

11A 5.2 ± 0.5 E-1 2.9 ± 0.3 E-2 4.3±1.7E-l 2.5 ± 1.0 E-2 1.5 ± 0.8 E-2b 5.2 ± 0.5 E-6b 

11B 3.8 ± 0.2 E-l 2.1 ± 0.1 E-2 1.1 ±0.3E-l 6.7 ± 1.3 E-3 6.4 ± 0.2 E-3b 

llC 1.2 ± 0.4 E-O 6.6 ± 2.0 E-2 8.5 ± 0.9 E-1 4.7 ± 0.4 E-2 6.9 ± 0.7 E-6b 

110 4.8 ± 1.0 E-1 2.6 ± 0.5 E-2 3.1 ± 0.9 E-1 1.7 ± 0.5 E-2 7.6 ± 0.4 E-3b 2.7 ± 0.3 E-6b 

11E 1.3 ± 0.4 E+O 7.0 ± 2.0 E-2 2.1 ± 0.6 E+O 1.~ ± 0.3 E-l 4.3 ± 0.2 E-2 b 7.5 ± 0.8 E-6b 

Mean 7.8 ± 4.4 E-l 4.2 ± 2.4 E-2 7.6 ± 8.0 E-l 4.3 ± 4.5 E-2 1.8 ± 1.7 E-2 5.6 ± 2.2 E-6 

a. All errors quoted represent standard deviation. 

b. The 1 sigma errors are due to counting errors only, because just one sample analysis result was 
available. 



t · . t 1 f 13 4C f . 2 . / 2 ac lVl y va ues or s range rom 0.02 ~Cl/cm to 0.094 ~Cl cm 
on those same two access panels. Interior surfdce concentrations of 
137 . 2 

Cs range from O. 089 ~ Cl /cm on coupon B from access pane 1 11 B to 
2.8 ~Ci/cm2 on coupon D from access panel llE, while corresponding 
134Cs surface activities range from 0.006 ~Ci/cm2 to o. 15 ~Ci/cm2. 
The average concentrations of 134Cs and 137Cs on exterior surfaces of 
the access panels are greater than their average values on the interior 
surfaces of the panels, with the exception of access panel llE. The 
average interior surface activity concentrations on this panel were 
approximately twice the exterior values. 

Tables 24 and 25 also present the surface concentrations of 90Sr and 

129r measured on the Reactor Building air cooler access panels. Analyses 
for 90Sr and 129 r were performed on only a few of the access panpl 

coupon interior surfaces due to the nature and cost of the analyse~. 
Results for 90Sr surface activities range from 0.0064 ~Ci/cm2 on 
access panel 118 to 0.043 ~Ci/cm2 on access panel llE. The mean value 
of the surface concentration of 90Sr is 0.018 ± 0.017 ~Ci/cm2. 
Results for 129r surface activities range from 2.7 E-6 ~Ci/cm2 on 
access panel 110 to 7.5 E-6 ~Ci/cm2 on access panel llE. The average 
value of the concentration of 129r on the interior surfaces of 'he access 
panels is 5.6 ± 2.2 E-6 ~Ci/cm2. Surface concentrations of 90Sr on 

access panel llC and of 1291 on access panel 118 are not available 
because these analyses were not performed. 

The average interior and exterior surface concentrations of 90Sr , 
129r , and 137Cs measured on the five access panels are plotted in 
Figure 7. As the figure illustrates, increased surface concentrations of 
134Cs and 137Cs on the access panels are accompanied by increased 
surface concentrations of 90Sr and 129 r. The figure also illustrates 

the nonuniformity of surface activity concentrations on adjacent air cooler 

units" There are several possible explanations for the discontinuity in 

the surface concentrations measured on adjacent air coolers. First, there 

is some confusion as to which Reactor Building air' coolers operated during 
the accident. Control room logs indicate that all Reactor Building air 
coolers were on during the accident. Other references state that only 
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three Reactor Building air coolers were running as designed, with two 
coolers pro\'iding redundant backup.30 Which three air coolers were 
operating is unspecified. 

It is likely that volumetric air flow through the coolers varied, and 
as a consequence different amounts of fission products were deposited on 
the air cooler internal £urfaces. Factors affecting airflow through the 
individual coolers include backdraft damper positions and backpressure 
restrictions within the air cooler common plenum and ventilation ducts. 
Postaccident inspections of the air cooler backdraft dampers indicated that 
material deposits on switch control rorls impeded the operation of two 
backdraft dampers. The dampers are designed to close by gravity, in the 
absence of airflow, or by backpressure when the fans are on. Manual 

upcration of the dampers indicated that dampers llA and llE were difficult 

to open and close, while 11B, llC, and 110 were quite easy to manually 

operate. Another factor that could have affected the dirflow is a 

backpressure differential in the air cooler common plenum and v0ntilation 
ducts. Due to the nature of the air cooling system design (five cooling 
units connected to one common plenum having two ventilation headers), 
variable backpressures very li!~ely existed in the commor. plenum, resulting 
in unbalarced rates of air flow through the individual coolers. Operations 
histury indicates that air flow through the five cooling units was not 
balanced. 

Still another factor that could have affected the fission product 
surface concentrations is the variable rate at which moisture condensed on 
the air cooler surfaces. Different condensing rates,within the individual 
air ~ooler units would have caused fission products to be washed from the 
surfaces at different rates. The condensing rates were affecte~ by the 
rates at which air flowed through the coolers and coolant flowed through 
the cooling coils. 0perations histo~y revealed that although throttle 
valves are normally used to balance the quantities of coolant flowing 

through the air cooler coils, thtj were not used in this manner at TMI-2. 

The throttle va~ves were all completely opened during emergency cooling 
after the H2 burn. Finally, it is important to note that Reactor 
Building air coolers llA, llB, and llC were decontaminated with low-pressure 
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processed w~ter prior to the acquisition of the access panel samples. 
Coolers llD and llE had not been decontaminated when their access panels 
were acquired. However, cooler llD W3S turned off in June 1979 due to a 
leak in a pressure relief valve. Al. of these factors would have affected 
the rates at which fission products were deposited on or washed from 
internal cooler surfaces. 

The values of the ratios of 90Sr to 137Cs surface activities on 
the air cooler access panels are similar to the values of the ratios of 
their earlier ~oncentrations in the basement water. This suggests that 
90Sr and 137CS were transported to the surfaces of the air cooling 

assembly from the basement water trapped in water droplets. The values of 
these ratios are consistent with other ratios of 90Sr to 137Cs 
activities measured on the vertical metal surfaces at the 305-ft elevation 
(see Reference 4). The values of the ratios of 1291 to 137Cs and 
1291 to 90Sr concentrations on the access panels are consistent with 
their measured ratios on other vertical metal surfaces at the 305-ft 
elev<'!tion, but they are unlike their corresponding rCLtios in earlier RCS 
water, basement water, or concrete! surface samples. 

Table 26 compares the dverage surface activities measured on the 
access panels with the surface activities measured on other 305-ft 

90 129 elevation vertical metal surfaces. For Sr and J, average surface 
activities on the access panels are in good agreement with average values 
for other vertical metal surfaces at the 305-ft elevation. Average surface 
concentrations of 134Cs and 137Cs on the access panels appear to be 

about 2-1/2 times their corresponding concen~rations on 305-ft elevation 
vertical metal surfaces, although the former values are statistically in 
agreement with the latter valuEs. It is important to note that iF we 

exclude the maximum values observe~ on the llC and llE access panels, the 
average access panel internal surface concentration of 137C5 becomes 
0.28 ± 0.16 ~Ci/cm2, which is in excellent agreement with the 
corresponding 305-ft-elevation metal surface values of 0.29 ± o. 10 ~Ci/cm2. 
This suggests that conditions within the llA, 118, and 11D air coolers were 
unlike conditions in the llC and 11E air coolers. Surface activity 
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TABLE 26. COMPARiSON OF REACTOR BUILDING AIR COOLER RADIONUCLIDE SURFACE 
CONCENTRATIONS WITH 305-FT -ELEVATION VERTICAL METAL RADIONUCLIDE 
SURFACE CONCENTRATIONS 

N JC 1 ide 

90S r 
1291 
134Cs 
137Cs 

(Data Decay-corrected to March 1, 1984) 

Vertical Metal 
Surface~a 
(~Ci /cm ) 

1.6 ± 0.2 E-2 
4.2 ± 0.8 E-6 
1.6 ± 0.5 E-2 
2.9 ± 1.0 E-l 

Cooler 
External S~rface 

(~Ci fern ) 

4.2 ± 2.4 E-2 
7.8±4.4E-l 

Cooler 
Internal S~rface 

(~Ci/cm 1-
1.8 ± 1. 7 E-2 
5.6 ± 2.2 E-6 
4.3 ± 4.5 E-2 
7.6 ± 8.0 E~l 

a. C. V. McIsaac, Surface Activity and Radiation Field Measurements of the 
TMI-2 Reactor Building Gross Decontamination Experiment, E[ND-037, October 
1983. 
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concentrations on the 11C and 11E access panels are as much as 5 times 
greater than the average 305-ft elevation metal surface values. 

Results of the in situ gamma spectral measurements of the Reactor 
Building cooling coils and drip pans are presented in Taule 27. The scans 
were completed in October 1981 by Science Applications, Inc. (SAl) (see 
Reference 9), but the results are decay-corrected to March 1, 1984 in the 
table to allow direct comparison of the results. Surface activity values 
in ~Ci/cm2 were obtained by dividing the reported total activities on 
the air cooler coils by the calculated surface are& of the Jir cooler coil 
(see Appendix A). Calculated surface activity values for i37Cs range 

from 0.059 ± 0.0~9 ~Ci/cm2 on air cooler coil llE to 0.13 ± 0.07 ~Ci/cm2 
on air cooler coil 11C. Calculated surface activity values for 137Cs on 

the llC and 110 cooling coils are within a factor of 2.5 of the 137Cs 

surface activities measured on the corresponding access panel internal 
surfaces, while the 137Cs surface activity calculated for the 11E cooling 
coils is a factor of 36 lower than its averase value on the corresponding 
accpss panel internal of the llE access panel. The lower act~Jity 
concentrations on the cooling coils, compared to the concentrations on the 
access panels, are likely due to the cleansing effect of the water vapor 
that condensed on the coils. 

Surface activity concentrations of 137Cs on the air cooler drip pans 
are also reported in Table 27. These values range from 0.23 ± O. 12 ~Ci/cm2 
on drip pan 110 to 0.81 ± 0.35 ~Ci/cm2 on drip pan 11C. The surface 
activity values for l37Cs on the 11C and 110 air cooler drip pans are in 
excellent agreement with the concentrations of l37Cs measured on the 
internal surfaces of the corresponding access panels, while the results for 
the llE air cooler drip pan are a factor of 6 lower than the average 
concentration of 137Cs measured on the internal surface of the 

corresponding access panel. 

.. f l34C l37C 90S Table 28 presents the total quantltles 0 s, s, r, 
and 1291 estimated to be present on the Reactor Building air cooler 
surfaces. 
inventory. 

The ,esults are expressed as ~ercent of the original core 
Total surface activities Were calculated by multiplying the 
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TABLE 27. REACTOR BUILDING AIR COOLER RADIONUCLIDE SURFACE 
CONCENTRATIONSa 
(Data Decay-corrected to March 1, 1984) 

137Cs on Cooling Coils 137 Cs 011 

Air Cooler 
~i/cm2)b Number (total Ci) (total Ci) 

llC ., • 6 ± 1. 0 E +0 4.3 ± 0.7 E-l 6.6 ± 2.8 E-2 
110 1.5 ± 0.4 E+O 1. 2 ± 0.3 E- 1 1.9 ± 1.0 E-2 
11E 7.6 ± 4.0 E-l 5.9 ± 2.9 E-2 2.8 ± 2.8 E-2 

Dri!:! Pans 

{J.lCi/cm
2L 

8.1 ± 3.5 E-l 
2.3 ± 1.2 E-l 
3.5 ± 3.5 E··l 

a Quoted uncertainties include statistical uncertainties, estimates of the 
uncertainties in the detector efficiency calibration, and uncertainties in the 
data analysis. 

b. Assumes surface area of coil ~1.3 E+7 cm2 (from Appendix A). 

c. Assumes surface area of drip pans ~8.2 E+4 cm2• 

TABLE 28. PERCENT OF TMI-2 FISSION PRODUCT CORE INVENTORY MEASURED ON 
REACTOR BUILDING AIR COOLER SURFACES 
(Activities Decay-corrected to March 1, 1984) 

Total Surface Tota 1 Core 
Activity Inventorya Pel~cent of Core 

Nucl ide ( Ci) ( Ci ) Inventory ---
134Cs 3.3 E+O 4. 1 E +4 8. 1 E-3 
137Cs 5.9 E+l 7.6 E +5 7.7 E-3 
90Sr 1.4 E+O 6.9 E+5 2.0 E-4 

1291 4.3 E-4 2.0 E-l 2.2 E-l 

a. Based on a combination of LOR2 and ORIGEN inventories as reported in an 
SAl letter report frcm J. A. Daniel and E. A. Schlomer to G. R. Eidam 
(SAI-83-095), March 9, 1983. 
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average internal surface activity concentrations measured on the air cooler 
access panels times the total surface area of the air coolers. The total 
surface ay'ea of the air cooling assembly, 7.7 E+7 cm2, excluding the 

ventilation duct work, was obtained by adding the surface area of t;ie 

cooling coils, ~6.8 E+7 cm2, to the surface area of the air cooling 

assembly housing, 1.0 E+7 cm2• Expressed as percent of core inventory, 
the quantities of 134Cs and 137Cs on the air cooling assembly are 

8.1 E-3 and 7.7 E-3%, respectively. The quantity of 90Sr estimated to be 
on the surfaces of the air cooling assembly is 2.0 E-4% of the original 
core inventory. The percent of the core inventory of 1291 on the 

surfaces of the assembly is 0.22%. The value for the 1291 core fraction 
is about 4 ti~es greater than the previously calculated 129I fraction fer 

all Reactcr Building surfaces (see Referenc€ 4~. 

Table 29 presents a compilatio~ of smear and scrape data collected at 

various locations on the Reactor Building air coolers. The results are 

presented as total activity per sample; therefore, quantitative comparisons 
with other data are not possible. Detectible amounts of 10~u and 
l44Ce were observed on a few of tne llA intake louver smears, which 
indicates that fuel debris particulates were probably present on the inta!,e 
~ouvers. Because air is deflected 90 degrees or more during its passage 
th~ G'lgh the intake louvers, one would expect that a significailt amount of 

particle impingement occurred inside the louvered inlets. Dose rates on 

the intake louvers have ranged as high as 1000 mR/h. Coupled with the 
identification of l06Ru and 144Ce , the survey data indicate that 

fission product and fuel particulates are deposited on the louvers. 
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TABLE 29. REACTOR BUILDING AIR COOLER ACCESS PANEL COMPILED SMEAR DATA 
(Data Decay-corrected to May 31, 1984) 

90S r "/34Cs 137Cs 144Ce 
Descri~tion (total ~/C i 1 (total ~LCi} (tota 1 ~/Cil_ (total ~/Ci) 

llAa,b 4.4 ± 0.3 E-1 4.2 ± 0.1 E-1 5.5 ± 0.1 E+O 8.8 ± 0.9 E-3 
11Aa,c 2.4 ± 0.4 E-l 2.2±0.1 E~O 3.0 ± 0.1 E+l --d 
11Aa,e 6.2 ± 0.3 E+1 7.8±0.1 E+O 1. 1 ± O. 1 E+2 4.5 ± 1.9 E-1 
llAa 1.7 ± O. 1 E+l 3.1 ± 0.1 E+O 4.7 ± 0.1 E+1 --d 
llA 1.7 ± O. 1 E-l 1.4 :!: 0.1 E-1 2.0 ± O. 1 E+O --d 
llA 4.0 ± 0.2 E-1 1.3 ± 0.1 E-1 1.9±0.1 E+O 2.2 ± 0.6 E-3 

11B 2.0 ± 0.1 E-1 1.3 ± 0.1 E-2 2.0 ± 0.1 E-1 --d 

llC 9.4 ± 0.9 E-2 1.2±0.1 E-l 1.7±0.1 E+O --d 
11C 2.6 ± 0.3 E-2 3.7 ± 0.1 E-2 5.3 ± o. 1 E-1 --d 
llC 2.0 ± 0.3 E-2 4.5 ± 0.1 E-2 6.9±0.1 E-1 --d 
llC 1.7±0.3E-2 2.9 ± 0.1 E-2 4.4 ± 0.1 E-1 --d 
llC 1.1 ± O. 1 E-l 5. 1 ± o. 1 E-2 7.7±0.1 E-l --d 

110 3.2 ± 0.3 E-1 7. 1 ± 0.1 E-1 6.8±0.1 E+O --d 
11 DC 6.8 ± 0.1 E-1 1.5 ± 0.1 E+(l 2.2 ± 0.1 E+1 --d 

11E 2.2 ± 0.2 E-1 2.4 ± O. 1 E-l 3.6±0.1 E+O --d 
11Ec 1.4 ± 0.2 E-l 2.6 ± 0.1 E-l 4.0 ± 0.1 E+O --d 

a. Sample removed from the intake louvers. 

b. 106Ru was identified at 1.2 ± 0.3 ~Ci/samp1e. 

c. Scrape sample. 

d. Lower limit of detection. 

e. 106Ru and 1291 were identified at 3.3 ± 0.9(-1) and 
~. 9 ± 0.8(-5) ~Ci/sample, respectively. 

75 



CONCLUSIONS 

Following are the conclusions of the radionuclide measurements of the 
TMI-2 Reactor Building surfaces and basement water and sediment. 

a The total quantities of fission products, fuel, and core 

materials present in the Reactor Building, excluding the reactor 

core region and building atmosphere, are summarized in Table 30. 

Measurements made from August 1979 to December 1983 have 
accounted for 59% of the 3H, 2.7% of the 90Sr , 15% of the 

o 

1291, 20% of the 131 lJ and 42% of the 137C5 originally in 

the core at the time of the accident. With the exception of 
90Sr and 144Ce , the vast major~ty of the total quantity of 

each radionuclide released was found dispersed in the water and 
sediment in the basement. 

Measurement results show that about 57% of the 1291 originally 

in solution in the basement water in Augus 1, 1979 was lost f,'om 

the water by March 1981. The quantity of 1291 in solution 
decreased from about 14 to about 6% of the core inventory during 
the 19 months between samplings. Based on the measured aver~ge 

concentration, the total amount of 1291 in the sediment on the 
basement floor is 8% of the core inventory, indicating that 
precipitation was probably the dominant depletion mechanism. 

o Measurement results show that Cu and Ag are among the major 

elements present in the sediment on the basement floor. The data 

indicate there is a good correlation between the concentrations 

of Cu and Ag and concentration of 1291 in the sediment. Most 

o 

Jf the insoluble iodine in the sediment is probably present in 

the form of Cu and Ag iodide; iodide was measured to be the 
predominant species of iodine in solution. 

The data summarized in Table 30 show that the quantity of 1291 
on Reactor Building surfaces is relatively small. The quantity 
measured on structural surfaces is about 0.06% of the original 
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TABLE 30. TOTAL QUANTITIES OF FISSION PRODUCTS, ~UEL, AND CORE MATERIALS 
IN THE TMI-2 REACTOR BUILDING 

PercE~nt of Core [nventory 

Reactor 
Coolant Reactor Structural Isotope/ Drain Coolant Air Cooling 

Element Basement Tank ~~ Assembll Surfaces a Total 

3H 5.7 E+l 3.3 E-2 2.2 E+O 
__ b __ b 

5.9 E+l 
90Sr 1. 7 E +0 6.3 E-2 9.6 E-l 2.0 _:b4 2.3 E-3 2.7 E+O 

106Ru 4 E-3 1.6 E-3 _,_b __ b 
5.6 E-3 

125Sb 3 E-l 3.6 E-3 __ b __ b 
1. 1 E-2 3.1 E-l 

129r 1.4 E+l 5. :J-3 1.2 E+Oc 2.2_~b1 6.4 E-2 1.5E+l 
131 I 2.0 E+1 

__ b __ b 
2.0 E+l 

134Cs 4.2 E+l 5.2 E-3 7.7 E-l 8. 1 E-3 3.5 E-2 4.3 E+l 
137Cs 4. 1 E + 1 4.7 E-3 8.1 E-l 7.7 E-3 3.5 E-2 4.2 E+l 
144Ce 1 .0 E-3 9.5 E-4 

__ b __ b __ b 
2.0 E-3 

U 8 E-4 1.2 E-4 
__ b 

--b --, b 9.2 E-4 
Pu 6 E-4 

__ b __ b __ b b 6 E-4 

Cr 5 E-l 1.2 E-2 
__ b b b 5. 1 E-l 

Fe 1 E+O 2.1 E-l 
__ b __ b __ b 1.2 E+O 

Ni 8 E-l 3.8 E-l 
__ b __ b __ b 1.2 E+O 

b L b Zr 4 E-4 2.2 E-4 u 6.2 E-4 
Ag 2 E-1 7.4 E-3 

__ b b __ b 
2.1 E-1 

Cd 3 E-1 2.3 E-1 
__ b __ b __ b 5.3 E-1 

In 9 E -1 4.0 E-2 
__ b b __ b 

9.4 E-1 
Sn 7 E-2 J.9 E-2 

__ b b __ b 
1. 1 E-l 

Gd <1 E -1 1 .5 E -1 ~_b b b 1.5 E-1 

a. Total surface activities were reported in Surface Activity and Radiation 
Field Measurements of the TMI-2 Reactor' Building Gross Decontamination 
Experiments, GEND-037, October 1983, p. 102. 

b. Not measured. 

c. August 14, 1980 reactor coolant system coolant sample. 

77 

--



core inv~nto~y, and the amount estimated to be on the air cooling 
assemhly surfaces is about 0.2% of the origin~l core inventory. 
Measurements made on samples of Reactor Building air collected 
beginning 79 h after the onset of the accident have shown the 
quantities of airborne iodine were negligible, ranging from 
0.002 to 0.03% of the core inventory.3l 

a The relative quantities of Ag, In, and Cd that were measured in 

the particulate matter in the reactor coolant drain tank (RCDT) 

are significantly different than their original ratios in the 

control rod alloy. This finding indicates that the control rod 
alloy was not dispersed in the reactor coclant system as 
fractionated bulk material; rather these metals were transported 
to the RCu~ as condensed vapors. 

o Measurements of the 235 U enrichment of the fuel in the sediment 

on the basement f100r show an average enrichment that is very 

close to the core average enrichment, which indicates the rel~ase 

of U-bearing particlrs may have been uniform across the core. 

o The two radionuclides that account for most of the activity ;1 

the basen~nt sediment are 90Sr and 137Cs . Their respective 
average concentrations in the sediment are about 1.4 and 0.9 me; 
per dry gram. Video surveys of the basement combined with 
calculations indicate that the total mass and packed volume o~ 

the sediment are 380 kg and about 6 m3, respectively. 
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APPENDIX A 
SURFACE AREA CALCULATION OF 

TMI-2 REACTOR BUILDING AIR COOLING COILS 

83 

· , 
, 
i 



APPENDIX A 

SURFACE AREA CALCULATION OF 
TMI-2 REACTOR BUILDING AIR COOLING COILS 

A. Surface Area coil assembly 

1. Surface Area fin plate = 

Surface Area fin plates 
+ Surface Area coolant tubes 
+ Surface Area support plates 

Surface Area fO lns 
- Surface Area tube holes 

= (27 x 20) - 216 tube holes 
(1T.31252) 

= [(540) - (66.27)J 2 sides 
fin 

= 947.5 in. 2 

Finned length is 54 in., 6 fins/in. (from vendor reference drawing 
number 24-00-0103). 

Surface Area total fin plates = 947. 5 x 54 in. x 6 fin s 
in. 

= 3 .07 E +5 in. 2 

2. SurfacE Area coolant tubes = [21T (.3125)54J 216 tubes 

= 2 • 29 E +4 in. 2 
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B. 

Al042 

3. Surface Area 
support plates = 

= 

= 

4. Surface Area 
coil assembly = 

= 

Surface A~ea side plates 

+ S~rface Area end and center 

plates 

[(29 x 56 x 2 plates) 

+(947.5 x 6 plates)] 2 sides 

plate 

1. 79 E+4 in. 2 

(3.07 E+5) + (2.29 E+4) 

+(1.79 E+4) 

3.48 E+5 in.2/coil assembly 

or 2.24 E+6 cm
2
/coil assembly 

There are S1X coil assemblies per air cooler and five Reactor Building 

air coolers. 

Total Surface Area on Reactor Building a1r cooling coils 

= 3.48 E+5 x 6 coil assembl.l" x 5 coolers. 

cooler 

Total Surface Area on Reactor Building air cooling coils 
.22 = 1.04 E+7 1n. or 6.75 E+7 cm . 
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